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In most manufacturing processes it becomes necessary to 
change the form of materials in order to bring them to the desir- 
ed shape for use. Among the metals used in the construction of 
engineering structures, including the almost endless variety 
of steam and gas engines, compressors, pumping machinery, 
marine and locomotive engines, special machinery and ma- 
chine tools, it is evident that cast iron and steel represent by far 
the chief constituents of such machines. For the manufacture of 
all the various parts of these structures and machines there has 
been designed a great variety of machine tools. In these machine 
tools are placed the pieces whose shape it is desired to change, 
and a properly formed and hardened piece of steel is made to cut 
away a part of the material. The steel used for making the tool 
for thus cutting the softer material is called Tool Steel. The 
time required to cut away the necessary amount of metal is an 
~ important factor in the cost of the piece under construction. It 
is evident that the relative hardness of the tool steel and the 
material it cuts, as well as the speed at which the cutting is at- 
¢ tempted, will be important factors in the time required to do the 

work and of the durability of the tool steel used. These facts 
@ have continually exerted a potent influence upon the manufac- 
if turers of tool steel and they have constantly improved the qual- 


it 
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ity of their product. On the other hand, the demand for strong- 
er and lighter materials of construction has increased the density 
and hardness of many materials already used, and brought into 
common use new materials, such as cast steel, ferro steel, chilled 
iron, etc., and these have imposed severer duties on the tool steels 
designed to cut them. The same rivalry that has existed between 
armor plate and the projectile intended to pierce it has existed 
between the tool steels and the materials they are designed to 
cut. Until quite recently, the rate at which tool steel could cut 
the various metals was from 10 to 40 feet per minute, varying 
with the metals cut and with the area of the cross section re- 
moved. If a higher rate of cutting was attempted, the point of 
the tool used became hot,-lost its temper and immediately wore 
away. During the years 1898 to 1900, Messrs. Taylorand White, 
at the Bethlehem Steel Works, South Bethlehem, Pennsylvania, 
were seeking to discover what constituents conld be combined 
with tool steel, and what special temperature treatment it should 
receive that would increase its cutting speed. As the result of 
their experiments, there was exhibited at the Paris Exposition of | 
1900 a lathe using a tool steel which removed chips of soft steel | 
at a cutting speed of from 60 to 180 feet per minute. These chips 
were so hot that they turned blue upon cooling. The point of the 
tool steel maintained its cutting edge even when running at a 
dull red glow. It was natural that to such tools should have been 
given the name of High-Speed Tool Steels. 


PRopERTIES oF Toon STEELS 


At the time of Taylor and White’s first experiments, Mushet 
and Jessop tool steels of the self-hardening type were in general! 
use. According to Mr. F. Reiser in an article on high-speed steel) 
in ‘Stahl and Hisen’’, January 15, 1908, they had the followny 
chemical composition: 


Carbon 2.0% Manganese 2.5% Silicon 1.3%, 
Tungsten 5.0% Chromium 0.5% 


The self-hardening property is called into play by the 
manganese, an element which favors the combining of the carbon 
with the iron. These steels were tempered simply by heating tal 
a temperature of 1600° F. and then cooling in air. Mushet an 
Jessop tools, however, did not prove durable at high speeds, 
although they were fae in advance of the ordinary carbon steels 
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and chromium was substituted for manganese with good results. 
The chromium steels required an entirely different treatment, 
as was found by Messrs. Taylor and White in their experiments 
at the Bethlehem Steel Works. 

The exact chemical compositions of the new tocol steels are 
secrets of the separate makers, and probably vary; however, it 
is known that the steels contain the following elements in varying 


quantities: carbon, tungsten, chromium, manganese, molybde- 
num and titanium. They usually run high in these combining 
“elements, the Taylor-White steel having as high as 12% of tung- 
—sten and 4% of chromium, while Boéhler Brothers’ Styrian steel, 
_ according to Mr. Reiser, has a maximum of 28% of other ele- 


ments. With this increase the carbon element has greatly 
decreased; most of it combines with tungsten, chromium and the 
other elements at high temperatures, remains in that state when 


_ cooled in an air blast and forms carbides of extreme hardness and 
durability at high temperatures. For best results of toughness 
.and hardness these high-speed steels require for tempering a 


temperature of from 2000° to 2250° F., or a white heat border- 
ing on the fusion point, and are then cooled in an air blast, lead 
bath or oil bath according to the different makers. Mr. Reiser 


in his discussion has for this reason correctly named them ‘‘super- 
_ heated steels.”’ 


ADVANTAGES OF H1iGH-SPEED STEELS 


High-speed steels, due to their hardness and durability at 
high temperatures, retain their edge when cutting at extremely 


, high speeds, cases having been noted in which the tool worked at 


dark-red heat without losing its edge. Ascan be seen from the 


_ tables, the speeds obtained are from three to four times those 


obtained with ordinary carbon steels. This of course means an 
increased output for a given shop and a consequent increase 
in the returns. This is not the only advantage of high-speed 
steel. It has been proved that such steel is more economical from 


the power standpoint, a given power removing a greater quantity 
of metal per unit of time at high speed than at slow speed. Of 


course the total power required is increased, but the increase is 
by no means proportional to the increase in the amount of work 


done. 
There is, however, one condition that must be carefully con- 
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sidered before the introduction of high-speed steels in a shop. 
Machine tools constructed to use the old carbon steels are lim- 
ited in capacity and will not stand the heavy stresses to which 
they would be subjected if using high-speed steels at maximum 
speeds and feeds. This condition, however, is being met by the 
machine-tool builders, who are now designing and building espec- 
ially heavy tools with powerful feed mechanisms with a view to- 
wards obtaining the highest possible efficiency of the steel used. 

In the following pages are described the experiments made 
by Mr. H.-B. Dirks, Assistant in Mechanical Technology, En- 
gineering Experiment Station, in the shops of the College of En- 
gineering at the University of Illinois. These experiments have 
been in progress for nearly a year, and every effort has been made 
to obtain useful and correct results. 

For convenience, the subject has been divided into the fol- 
lowing parts: I. The Tool Steels Used. II. The Cast-Iron Test 
Pieces. III. Details of the Tests. IV. Results of the Experi- 
ments. V. Summary of Results. VI. Reference List of Articles 
on High-Speed Steels. Appendix,—giving instructions furnish- 
ed by makers for hardening the steels used. 


J. Tse Toot Steet Usep 


(a) The Brands Used 
The following tool steels were used in these trials: 
1. Styrian marked ‘‘Béhler Rapid”’ 
2. Jessop’s ‘* Ark ”’ 
3. McInnes’s ‘* Extra ”’ 
4. Mushet’s ‘Special ” 
5. ‘Air Novo”? 
GO. “hex? 
ieee Po ldaa 
8. ‘‘A and W ” (Armstrong and Whitworth) 
The first six came from the American market. Poldi and ‘#4 
and W”’ were furnished by the American Radiator Company, hay? 
ing heen used in its foreign factories. With the exception of the 
Mushet, the steels used were donated for the proposed tests by 
the makers or agents. The Mushet was taken from stock pur} 
chased in the open market. ‘There are doubtless other kinds ol} 
steel which could have been tested, but these eight brands werd 
most familiar and accessible to the writers, and it is believed the 
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they represent fairly well the brands commonly used at the pres- 
ent time by American manufacturers. 


10° 


Section A-B. Section C-D 


Fie. 4. SHape or Curtine Toois 


| (6) Size and Shape of Tools 


The size of the bars of steel from which the tools were made 


| was4in. by 1 in. for the steels from the American market. The 
' Poldi bar was # in. by 12 in., and the “A and W” bar was # in. 


by 14in. The shape of the tool used in the tests is shown in Fig, 
4. The front clearance was 123°, the top rake was 10° and the 
side rake was also 10°. These angles were carefully maintained 
throughout the tests, the angles being measured with a bevel pro- 
tractor after each grinding. 

Experiments relating to the proper shape of tools have been 
made by Professor J. T. Nicolson,* and the writers were guided in 
selecting proper tool angles by the recommendations of his paper. 
Professor Nicolson says: ‘‘Tools should therefore be ground 
for maximum endurance in the cutting of cast iron in ordinary 
shop practice so that their true cutting angles are about 81”, or if 
they are allowed 6° clearance for working on the level of the 
lathe centers, they should have an included angle of about 75°. 


(ce) Tempering and Tempering Apparatus 


Directions for forging and hardening the various steels used 


‘were furnished by the manufacturers. For convenience, these 
_ directions are published in the Appendix. It will be seen that 
| most of the steels were to be hardened in an air blast. The “A 


*Experiments with a Lathe Tool Dynamometer. See Trans. A. 8. M. E., Vol. 


/ 25, 1904, page 658 et seq. 
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and W”’ steel was the only one in which oil was recommended 
for cooling, and then only after the cutting edge of the tool had 
been cooled to a cherry-red in the air blast. An air blast appar- 
atus was designed and constructed for carrying out the instruc- 


tions relating to the proper preparation of the tools. This is 
shown in Fig. 5. 
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Fig. 5. Arr Brast APPARATUS 


The apparatus consists of the 4-in. separating pipe, 3 ft. 6 
in. long to which is connected the header of 2-in. pipe about 1 
in. long. The dimensions and construction are shown in the fig- 
ure. The tools to be hardened are inserted in the short lengths 
of 13 or 24-in. pipes which serve to concentrate the air blast on 
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| the tools. A rubber hose with a 4-in. nozzle in the end is also at- 
, tached to one opening, so that a strong air blast may be directed 
_ on the edge of the tool when. first removed from the fire. The 
_ tools were heated in an ordinary forge with a clear coke fire. The 
_ flre was burned long enough before putting in the tool to drive 
off any sulphur. Care was also taken to have plenty of coke 
above and below the tool so that no cold blast should strike the 
tool while it was being heated. 


Il. Tue Cast-Iron Test Precrs 


In order that the results of the tests might be of general ap- 
plication, it was advisable that the cast-iron test pieces be the 
product of several commercial foundries. Several manufacturers 
throughout the State agreed to furnish sample test pieces repre- 
senting the grade of cast iron used in their respective foundries. 
A standard size of test piece was therefore decided upon, and 
blue prints and patterns of it sent to the different manufac-° 
turers. This standard test piece is shown in Fig. 6. The outer 
diameter is the maximum the lathe will swing over the carriage. 
This test piece was made hollow for several reasons. A solid test 
piece becomes soft toward the center and is more likely to con- 
tain blow holes. Test pieces of small diameter become springy 
and consequently produce inaccuracies in the results. The high 
angular velocity necessary with small diameters is also undesir- 
able. The first test piece used in the preliminary trials was 18 
in. long. This was found to be too short, the tool having to be 
reset too often. In Fig. 8 is given a viewof all the test pieces 
used in the trials. These test pieces do not all conform to the 
standard test piece, the American Radiator Company having sent 
test pieces with a 6-in. core instead of a 8-in. core, from several 
of its plants, that being a more representative casting from 
its foundries. The test pieces received from the various com- 
panies, their identification marks and reference numbers are 
shown in Table 1. 
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TABLE 1 


Resuutts oF HarpNEss Tests AND IDENTIFICATION MARKS 
OF 


Cast-Iron Trst Preces Usep In THE TESTS 


Identification Test Hardness 
Name of company sending test pieces mark reference by 

No. drill test 

3 94.2 

Pierce plant. | 3." core 4 109.2 

5 102.0 

6 128.8 

5-8-05 7 86.5 

Michigan Plant. 8 94.3 

\ 6" core 9 138.6 

10 106.8 

11 109.3 

if |} aD 12 al 12 100.0 

American | IDE dene?) 18 106.6 

Radiator Co. ; Detroit plant 1D), 12h, & 14 ee 

Chicago, Ill. D. P. 4 15 132.0 

De Rs5 16 109.8 

1D), 1 5 17 90.3 

| 

18 107.0 

— plant. | 5-17-05 19 ilalyy 73 

20 113.9 

B 21 124.8 

——— plant. | 5-26-05 22 167.5 

23 122.2 

B 24 lala 

} plant. 6-2-05 25 102.4 

26 95.9 

Crane Company Ferro Steel. F.S 1 342.0 

Chicago, JIl. { Grey Iron. { 27 132.0 

Root & Vandervoort Eng’g Co...... [ 2 175.0 

East Moline, Ill. 

U. L.—1 28 114.5 

‘ U. I.—2 29 195.0 

University of Illinois.............. | U. I.—3 30 124.2 

Urbana, Il. Ul —4 31 124.5 

U. L.—5 32 123.2 
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A comparative hardness test was made on all samples, com- 
parison being made with a standard piece of soft cast iron of 
equal density throughout, the chemical analysis of which is as 
follows: 

Combined Carbon= .147% Silicon =2.85% Sulphur = .07% 
Graphite =5.03 % Manganese= .83% Phosphorus=1.06% 


Sector through C-0. 


BE 
7 


: 


ESSN 


Sector through A-B 


Fie. 6. Sranparp Trst PIEcE 


The hardness of cast iron or any other metalas indicated by 

a drill test is probably as fair an indication of the particular qual- 
ity of the metal that affects the cutting speed as is obtainable by 
any process in use at the present time. This hardness test is in 
itself a cutting-speed test in which the cutting speed is not 
varied, but is held constant and the rate of feed allowed to vary, 
the cutting speed and rate of feed in all probability bearing 
some constant relation to each other. Fig. 7 is a graphical chart 
giving the results of the hardness tests on the test pieces used in 

| the experiments. The tests were made with a drill press as shown 
in Fig. 8. A constant load of 812 pounds was applied on the 

| spindle of the drill press by means of the weighted lever. With 
the spindle rotating at a constant speed of 87 r. p. m., the rate 
of feed of the drill in inches per minute was measured, readings 
| being taken for every 4 in. of depth drilled. The drill used in 
these tests was a Morse standard 3-in. twist drill ground to an 
| angle of 624°. As, however, there was some liability of variation 
in the sharpness of the drill, thus affecting its rate of feed, a 
1 uniform piece of cast iron was first drilled into, readings taken, and 
| then the test made on the test piece. A comparison was thus 
| always made with this same piece of cast iron, eliminating any 
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small variation in the sharpness of the drill. In Fig. 7 the curves 
drawn through the dots represent the standard cast iron, and 


those drawn through the circles represent the test piece. 

Thus for test piece No.1 the rate of feed is about .174 in. 

per minute, while in drilling the standard cast iron, the rate’ 

of feed is about .595 in. per minute. The hardness as used later 
595 


and as expressed in Table 1 is 174% 100=842. Assuming 100 as 


» the hardness of the standard cast iron, Table 1 gives the results 


obtained from these tests. This method of expressing the hard- 
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Fre. 8. Dri Press, SHowine Metuop or MAKING 
Harnpness Tests on Cast-Iron Test PIECES 


ness of cast iron was also used by Professor J. T. Nicolson in his 
experiments with high-speed tool steels made at the Manchester 


‘Municipal School of Technology, Manchester, England.* In these 


experiments the tangent of the angle made by the curve was used 
as the hardness. 


*Report of experiments made at Manchester Municipal School of Technology, 


. London Engineering, October 30 and November 13, 1903. 
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Ill. Deraiws or tHe Tests 
Se 


(a) Apparatus 

The apparatus used in conducting the tests consisted mainly 
of a high-speed lathe deriving its power from a two-phase in. 
duction motor by means of belting and a countershaft, the powe1 
required being measured by a polyphase wattmeter. The general 
arrangement is shown in Fig. 1 and Fig. 9. The lathe used (see 
Fig. 2 and Fig. 10) was a Pratt and Whitney high-speed lathe 
with a gear box head-stock, taking a maximum length of 3 ft. ¢ 


Tyee C° 2 Phase 400Vo/t 107 Amp. 
7S5HP = H20 RPM 


Westinghouse Portable 
Polyphase Wattmeter 
Mar Capaclly 8000 Watts 
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GENERAL ARRANGEMENT OF APPARATUS USED IN 
THE TESTS witH HicH-Sprep Toon SrEELs 


in. between centers and a diameter of 9 in. over the carriage. 
mm . 

The power was transmitted from the first motion shaft of the 
head-stock to the cone gears by means of a long pinion and an 
intermediate gear, the latter being fastened to the intermediate 
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gear frame which swivels about the first motion shaft. The inter- 
mediate gear frame has a substantial slide with rack, pinion 
and crank by which the intermediate gear is moved to any one 
of four positions, in which it islocked by the dropping of a pin 
into suitable holes in the frame, after which movement the frame 
is swiveled to drop the gear into mesh with the cone gear. The 
latch handle at each end of the frame holds the frame and gears 
in position after the gears are in mesh. From the cone gears the 
power is transmitted either direct to the spindle or through the 
usual back gears, thus making 8 changes of speed. The speeds 
and feeds obtainable are shown in Table 2 and Table 3. The 
feed mechanism is positive, being driven by two gears from the 
main spindle through a chain of gears to the feed box change and 
speed gears, thence through the feed rod to the carriage. There 
are 8 changes possible both for the cross and longitudinal feed. 
A reverse feed is obtained by shifting the reverse rod. 


TABLE 2 
FEEDS AND FEED GEARS FOR 
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TABLE 3 


RANGE OF SPEED Ratios AND SURFACE SPEEDS FOR 


Apparatus Usep In HiGH-Sprep STEEL TEsts 


Motor Pulley 
Diameter 
(1120 r. p. m.) 


GritlehGs rey scr 


feinchesiteee ce 


Sin ches aan 


9 inehes......... 


lOhinches tere 


liisiinehes cress 


WPA MNO NE og conse 


Revolutions per minute 


Lathe Spindle 


Counter- Lathe 3 Drive ; 
: Direct Direct 
shaft | Pulley Atos Rees dvine 
| 68.10 23.48 160.37 
THSML oR | SUD) teil 45.40 15.65 106.92 
34.05 il 74 80.19 
ieee 9.38 64.15 
79.46 27.40 187.10 
211.89 | 105.94 52.97 18.26 124.70 
BOE 13.70 93.56 
31.78 10.95 74.84 
90.81 Bl ul 213.80 
242.16 121.08 60.54 20.87 142.60 
45.41 15.65 106.90 
36.32 ID 5% 85.53 
102.16 30.28 240.60 
Dinas a looeel 68.11 23.48 160.40 
51.08 ye (B51 120.30 
40.86 14.10 96.23 
113.50 39.13 267 .30 
3802.70 151.380 75.65 26.10 178.20 
56.74 19.56 133.60 
45 .39 15.65 106.90 
124.90 43.07 294.10 
332.97 | 166.48 83.24 28.73 196.00 
62.48 PA tS 147.00 
49 94 177 1% 117.60 
136.20 46.96 320.80 
363.24 |°181.62 90.81 SL Ball 213.80 
68.11 | 23.48 160.40 
54.49 78 128.30 
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The power was transmitted to the lathe by means of a 4-in. 
double belt from the 12-in. friction clutch pulley of the counter. 
shaft. The countershaft in turn was driven through a 87-in 
pulley by a 4-in. single belt from the motor. The motor is on ar 
adjustable base, allowing changes of the motor pulley to be made 
without changing the length of the belt. In the tests, pulley: 
ranging from 6 to 12 in. in diameter were used, making possible 
with the 8 changes of speed on the lathe proper, 56 changes fo! 
every diameter of work. As the diameter of the test piec 
decreased, it was thus possible to keep the speed of the cut con. 
stant within very small limits. The motor received its curren 
from the 440 volt main of the University power plant. As showr 
in Fig. 9, the current passed through an auto-starter and watt 
meter into the motor, the auto-starter being used to reduce the 
electromotive force on the motor at starting, thus diminishin 
the liability of injury to the motor. 

The wattmeter used is known as the Westinghouse portabl 
long scale indicating wattmeter for alternating current circuits 
and may be used for either two, three or four-phase circuits. ‘“‘h 
principle, the wattmeter consists of a miniature induction motor 
having for an armature a metal drum mounted on a shaft 
together with a spring and pointer, giving indications on th 
scale proportional to the power to be measured. There is also : 
stationary circular core of iron inside the drum to complete th 
magnetic circuit through the armature As it operates on th 
induction principle, it has no moving wires and is not affected b: 
external fields.”? ‘‘The polyphase wattmeter used in the tests i 
a modification of the above, having two drums mounted on th 
same shaft and revolving in two separate fields. This construc 
tion makes a meter which is ccrrect for two or three-phas 
circuits under all conditions of unbalancing, low power factor 
etc., and measures the true energy of the circuit?’.* 


(6) Procedure in Making the Tests 

In the preliminary trials the skin was first removed to brin 
the test piece to a uniform diameter throughout. This was di: 
continued in the later trials and a separate series of skin ecu 
trials was run. The test piece having been made ready for th 
test, the tool to be used was placed in the tool rest in the positio 


*Taken from instructions for the use of the W. P. L. 8. I. Wattmeters. 
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decided upon for all tools and trials, viz., at right angles to the 
work with the bottom edge of the tool horizontal and the cutting 
edge of the tool from 4 in. to } in. above the center of the work, 
its exact position being recorded in the log. The diameter of the 
test piece was then accurately measured in several places and the 
average recorded in the log. The tool was then fed in by hand 
until the cutting edge just scraped the bottom of the groove left 
by the last turning. The graduated disc on the cross feed having 
been set at zero, with the tool in the above position, the cross 
feed was turned back a little, and the carriage moved to the right 
sufficiently for the tool to clear the test piece. The cross feed 
was then advanced until the graduated disc showed the required 
cut opposite the index mark. The longitudinal feed or traverse 
was then set in position and recorded in the log. The diameter 
of the work and the surface speed required during the trial being 
known, the size of the pulley to be used on the motor and the 
position of the driving gear necessary to give the required speed 
were obtained from a set of curves giving the speed for various 
diameters of work for each of the 56 changes obtainable. This 
having been done, the lathe was started and the surface speed 
tested with a Warner cutineter. If found to be too far from the 
required speed, a different combination of motor pulley and cone 
gear was tried. A satisfactory speed having been obtained, the 
feed mechanism was started and the lathe allowed to run until 
the tool had entered the work and was taking the full cut. The 
lathe was then stopped and the square-case revolution counter, 
which was actuated by the first motion shaft, set at zero. The 
lathe was then cleared of all chips and the test started, the exact 
time of starting and the position of the revolution counter being 
recorded. During the trials, readings of the revolution counter 
and also of the wattmeter were taken every two minutes in order 
to obtain any variations in the cutting speed and the power re- 
quired. After the expiration of the trial, which occurred either 
at the time of failure of the tool or at a specified time limit, the 
tool was withdrawn and the lathe run light under the same con- 
ditions of speed as in the trials, in order to observe the electrical 
horse-power exerted by the motor under these conditions. All 
cuttings were then collected, weighed and recorded in the log. 
To facilitate the collection of chips, sheet iron guards were placed 
on the bed of the lathe. 
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(ec) Description of Methods Adopted for Measuring the For 
Required in Cutting > 

During the trials readings were taken at regular intervals « 
the total electrical watts input in the motor, while.cutting, ar 
after the tool had been withdrawn, with the lathe running ligh 
The difference between the electrical horse-power with the to 
cutting and with the lathe running without the cut should git 
the net horse-power required for cutting, and if this be multiphe 
by 88,000 and divided by the cutting speed, we obtain the for 
required for cutting in pounds. In thus figuring, we assume th: 
the lost horse-power of the drive remains constant from no log 
to full load. Todetermine whether or not this was the case, 
Prony brake was placed on the cast-iron test piece, as shown ° 
Fig. 11. This could be made to offer the resistance otherwi: 
produced by the cutting tool, and this resistance could be mea 


Prony brake for 
reasvr ig forse power 
outeut Of sore 

Mi! 
h/ 


westingpovse Forlabie 
Polyphase Warlinersr 
Measuring perse power 
“put Ww Motor 


ENGINEERING EXPERIIIENT STATION, 
ONIWVERSTY OF ILLINOIS 


Fie. 11. ARRANGEMENT oF APPARATUS FoR MEASURING POWER 
ABSORBED BY FRrIcTION IN THE LATHE, CouNTER- 
SHAFT AND BELTING 


ured at the end of the brake arm by observing the reading on th 
scale beam of the platform scales. The brake arm was mad 
31.52 in. in length to facilitate the work of obtaining the horsé 
power, which would then be ae inwhich P isthe net thrust on th 
scale in pounds and N the number of revolutionsof the brake whee 

Experiments were made on the lathe for both methods c 
driving it, either direct or through the back gearing. The result 


BRECKENRJDGE—DIRKS—TESTS OF HIGH- -SPEED TOOL STEELS 19 


of these experiments are given in Fig. 12. In the same figure i: 1s 
also shown the calibration curve for the motor alone, giving the 
horse- power output for a known input. The loss in the trans- 
mission for any known input could be immediately found, it 


I 5 
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being the vertical distance between the curves at the requir 
load. From the curves it can be seen that it is not consta 
but increases at a constant ratio as the load increases. 1 
equations derived from the curves, giving the relation betwe 
the net and gross load for both drives, are as follows: 
(1) N =0.886G — 0.82 (2) N=0.907G — 0.41 

Where N =net horse-power required for cutting, at the t 
point, represented in Fig. 12 by the ordinates of the curves } 
2 and No. 8 according as the lathe is running with or without t 
‘back gears; and 

G = total horse-power output of motor, represented in F 
12 by the ordinates of curve No. 1. 

In these equations, (1) applies to the direct drive, and ( 
to the drive through the back gears. The net horse-power reco: 
ed in Tables VI to X under column 6 contains the above-fou 
correction. The nature of the results will be discussed in Part I 


ITV. Resutts or tHe EXPERIMENTS 


The results of the tests made with the eight brands of st: 
are given in full in Tables I to X below. Some of the most i 
portant relations are shown graphically on several plates. Ths 
were in fact five sets of experiments made which may properly: 
referred to as: 

(a) The preliminary trials 

(b) The skin-cut trials 

(c) The endurance trials 

(d) Trials to obtain the durability of the steels at ¢ 
ferent cutting speeds for various sizes of cut, but on cast iron: 
constant hardness 

(e) Trials to obtain the durability of the steels on «G 
iron of varying hardness. 

Tables I to V give for each of the experiments above refer: 
to the observed and calculated data indicated in the 18 colum 
of results. Some of the most important results given in th 
tables are: 

(a) The cutting speed in feet per minute 

(b) The area of section cut 

(c) The area machined 

(d) The weight of material removed per minute 
(e) The relative durability of the tool 

(f) The hardness of the test piece 
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| In the same way Tables VI to X give important data for each 
me of the sets of experiments carried out. The most interesting 
esults which are given by these tables are: 


(a) The cutting force on the point of the tool 
(b) The net horse-power required to remove the metal 
(c) The horse-power required to run the lathe and the 
sountershaft 
_ The headings for the different tables are for the most part 
rnlearly indicated. It may be advisable, however, to explain some 
£ them more fully. Referring to Tables I to V, we have in each 
sable the same 18 headings. Columns 4, 5 and 6 give the speeds, 
uts and feeds at which the trials were intended to be carried out, 
s calculated from the size of the pulleys and motor speeds. In 
solumns 7, 8 and 9 are given the actual speeds, cuts and feeds. 
The cutting speed recorded is the speed in feet per minute of the 
sylindrical surface of maximum diameter at the point of cutting. 
Che depth of cutis one-half the difference of the diameters of 
she work before and after cutting. The feed is the advance of 
she tool perrevolution of lathe spindle. Column 10 gives as the 
ea of the section cut the product of the depth of cut and the feed. 
Jolumns 12 and 18 give the area of the surface machined. This 
vas obtained by multiplying the cutting speed in feet per minute 
oy the feed in feet per revolution of the spindle. Columns 14 
ind 15 give the total weight of cuttings removed during the trial 
ind also per minute. These results were obtained by collecting 
ind weighing the cuttings. Column 17 gives the comparative 
lurability of the tool. An entirely arbitrary standard of dura- 
vility was established as follows: A tool whose cutting edge was 
vorn away .002 in. after one hour’s use was considered perfect, 
x its durability being expressed as 100. 
i> The ratios of the durability of any other 
| tools to the standard will then be the 
14 inverse of the ratios of their rates of 
ad 


wear to the rate of wear of the standard. 
The wear as assumed for the standard 
is shown in Figure13 ata. In the ex- 
Fie. 18. periments, however, the distance a 
was measured and # then calculated. 
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TABLE I 


EXPERIMENTS with HiaH-Sprep Toon STEEL oN Cast [Ron 


PRELIMINARY TRIALS 


i 


2 3 Ad Wei 861) ae 7 8 9 | 10 1 | 
Name of Test Trial Intended Actual Actual Area Duratio3 
Brand of | Piece an OnE a of 
Tool Steel No. | Speed hi ‘+ | speed | Cut | Feed oe Trial 
No. Feed of cut 
Ft./Min.| Ins. |Ft./Min.| Ins. |} Ins. ee Min 
1Styrian | 28 3 55 «| &x;8,| 54.8 | $  |-0232 |.00870] 38 
Pees 28 4 35 | 4xd | 36.2 | ¢ |.0312 |.01560| 31 
Mes 28 5 30 | dx; | 32.5 | } |.0642 |.01600| 158 
4 i. 28 6 60 tx. | 60.5 $ |.0952 |.01190 5 
5 _ 28 7 60 $xpy 59.6 $ .0642 |.00802 74} 
ae 28 8 60 | dxg, | 58.0 | $ |.0312 |.00390] 10 | 
an 28 9 50 | axes | 52.1 | € |.03812 |.01160| 15 
ee ee 
28 Le eminedle | —|*0312 |.00780| 8 
10 McInnes) 1 | 23 30 | axd, | 28.4 t — |.0642 |!o0802| 10 
is ; af A es a ; 8 ; : ie 00802 10 
- 5 f ue oll 064 00802 10 
13 Novo 122 40 |apxt, | 40.7 | gy |.0642 |.00401) 22 
4 i 1 | 28 40 «“ 43.7 | dy |.0642 |.00401| 16 
aa A 29 40 ‘ 42.5 | dy |.0642 |.L0401] 19 
aoe | ta | By | Be | oe ee ee 
ae “ 7 | dy |.0642 |.00401| 18 
ean RCO ee ae 
20 Melnnes| 27 | 132 | 150 oles i ‘Oni | oeoohamnn 
21 Styrian 16 133 | 110 |x, | 111.0 | z |.0642 |.01200| 7. 
22 Novo 6 13 F pees Y 
bd is s ae iXahy 33, + .0312 |.00390 4g | 
oe - ae v0 130 bY) $ .0312 |.00390 24 | 
seta 28 te 100 “© [102.9 | § |.0312 |.00390) 173 | 
o7 ¥ a ee a : 106.3 8 .0312 | .00390 14 
28 Styrian 29 140 1 Bs sae A it es a 
5 uf ; dt - . | 
ae Jessop | 31 i 50 | §xzy | 53.3 | §  |.0642 |.00802) 134 
a ‘3 * i 5 i (D2 4 .0642 |.00802| 142 
e OZ ‘ 85 85.0 4 .0642 | .00802 224 
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TABLE [—( Continued) 
a 12 13 | 14 15 16 17 18 
Area Weight 

Hare of Machined | Removed | Cause of |Comparative| Hardness 
Brand of ; Durability of Test 
x Per Per | Withdrawal ae 
Tool Steel Total Min Total Min. : of Tool Piece 

Sq. | Sq. 
ra uelban’ Lbs. | Lbs. 

‘SUMBE NG 6 occas onde 3.53).107 |43.60/1.320) Time up 100.00 114.5 

UC ey eee tee 2.92).094 |50.50/1.630 as 50.50 114.5 

een arcl eo ti> Fe 2.67|.169 |24.20/1.530 vt 12.90 114.5 

OS pec eee 2.36) .472 |10.30)2.060 a 100.00 114.5 

aaa oe ene eee 2.27|.310 | 9.82/1.340 i 100.00 114.5 

[Ens OO ae ane 1.51).151 | 6:81) .681 “ 100.00 114.5 

OS een .20]}.185 |25.90)1.730 ai 100.00 114.5 

BD Sressgecteioy .99|.124 |12.20)1.530 os 100.00 114.5 

Bt enero: oneseis .85|.107 | 6.74] .843 = 100.00 114.5 

Mim icInneés, «....... 1.51}.151 | 6.43) .648 oe 2.03 342.0 
AL I er dcacsre cast 1.70).170 | 7.00} .700| Tool failed 0.00 342.0 
Cle ere TEZOleLTON | tod cod). Limevup 4.07 342.0 
INOVO! “Grete 4,.77|.217 |11.80) .539 s 6.52 342.0 

Bed sbevetey aus tya%er: 3.72|.233 | 8.67) .542 ve 6.93 342.0 

Oui eee 4.31|}.227 |10.30) .541 a 4.90 342.0 
fopsivrian’........ «.- Dell OPAL | A PAO asks ge 5.50 342.0 
UMENOWO! (2 gocexee crs os 2.90).223 | 6.99) .538 ie 5.3) 342.0 
HOMOUVTIAT 5... 5.5. ne os Ana Belay logon dllacoul Tool failed 3.12 132.0 
ENO VO? fice e csi cee SOliastre: |lcagaclloosao 3 0.10 1382.0 
0 McInnes AO UES |oosec eto: US 0.00 132.0 
PEOUYTIAN..........6: 4.16|.594 |28.75|4.107 ‘e 0.00 109.8 
PMPNOVO: oouccc eens 7.16|.573 |32.20/2.580} Time up 5.09 109.8 
BMS UV TIBI. 5.6 elec oe 1.61).347 | 7.08]1.520} Tool failed 0.00 122.2 
RM ecics recite .75|.3849 | 3.28]1.520 ae 0.00 122°2 

Oe tei cebeeee 4,67|.267 |21.20)1.210) Time up 3.56 122.2 

‘ INONO: ORR Saar lee teal loroees certian emreens Tool failed 0.00 12252 
Of aeeeee 1.76|.264 | 9.12)1.370 re 0.00 167.5 

EM OLY TAD oo... 25.5. 1,65].206 | 8.721.090 z 0.00 167.5 
) AIG) Seo SeaaeeeD 2.76|.282 |17.20)1.290| Time up 100.00 124.5 
para esse ccer estes 5.92|.402 |26.50/1.800 ee 100.00 124.5 

eaMeee ceecstel nie sean: 10.20).454 |45.60)2.030 oy 18.30 124.5 
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‘% 
TABLE ITI 
EXPpreRIMENTS witH Hiau-Sprep Toon Stern on Cast [Ron 
Sxin-Cur TRIALS 

1 2 3 4 5&6 ra 8 10 
Name of | Test | Trial Intended Actual | Actual seh 

Brand of | Piece a Te V0 
Tool Steel | No. | No. | Speed Cares speed | Cut | Feed nee 

Ft.) Mi a Sq. 

/Min, Ins. |Ft./Min.| Ins. | Ins. ae 
1 Styrian .| 28 il 45 lglsxyShy| 45.2 ey 0232) .00507 
2 Styrian.| 28 2 35 oe BORS as .0232) 00507 
3 McInnes} 29 12 45 | dx 46.2 } .0156] 00390 
4 McInnes} 29 13 60 | dxqbs 59.5 } .0312) -00780 
5 McInnes) 29 14 35 | txyy 36.4 t .0156] ,003890 
6 Styrian.. 3 97 50 {43 Xa4s 50.6 Bs .03812] 00585 
7 Styrian.| 6&7 98 55 sf 55.2 SF .0312} 00585 
SeNOvOrrs | sss 99 55 55.0 ue .0312} 00585 
9 McInnes 9 100 55 ne 57.4 Ri .0312} 00585 
10 Novo....| 10 101 55 « 55.5 me .0312) .00585 
11 McInnes} 11 102 55 as 54.4 - .0312} .00585 
12 Poldi. ./12&13| 103 55 ee 55.6 iy .0312) 00585 
13 A. &W.| 14 104 5d a 55.3 es .0312) 00585 
14 A. & W. 4 105 55 ot 56.0 Me .0312] .00585 
15 Styrian..| 5 106 70 BG 67.9 a 0312) .00585 
TGRNOVOeret LS 107 70 txy, 68.8 % .0312) 003890 
17 McInnes} 19 108 70 et 68.5 ue 0312} 00390 
18 McInnes} 19 109 70 re 68.5 a .0312) 00390 
LORE Odie eo0 110 70 68.0 s .0312) 003890 
20 Novo...| 20 naa 70 ve 68.2 o .0312} .00390 
21 Styrian.| 17 1514 75 A 79.3 of .O3812) 00390 
22) NOVO...) 926 113 7) aM Ome = .0312| 00390 
23 McInnes} 25 114 75 Me Ont a .0312) .00390 
24 Poldi...| 16 115 75 se 74.7 uf .0312) 00390 
25 A. & W.| - 24 116 75 a 73.9 ee -0312) 00390 
26 Styrian.| 23 117 75 Me 12.2 es 0312) 00890 
27 Poldi. yy 118 75 MS 75.0 ae .O3812) 00390 
28 A. & W.| 15 119 75 ae 142 oS .0312} .00390 
29 McInnes} 22 120 75 ae one ss .0312) 00890 
30 Styrian.| 22 121 75 72.5 of .0312) 003890 
31 Jessop..| 32 122; 45 4X5 46.1 4 .0312) .00780 
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TABLE II—(Continuéd) 


i 12 13 | 14 15 16 17 18 


Area Weight 

Bene ue Machined | Removed | Cause of |Comparative| Hardness 

rand o . Durability | of Test 
Tool Steel Total ae Total ead Withdrawal of Tool Piece 

ae ad Lbs. | Lbs 

IL SiayBEM Soooonod 0.83).088 | 4.6 | .488) Tool failed 0.00 114.5 

2 SUA; on aaeeoode 2.76).070 [14.4 | .370) Time up 7.94 114.5 

Be MCInnes ss. se6 > 1.81].060 |14.4 | .480 a 6.12 195.0 

Ae Melnnes. : 5... 0+. 0.99).155 | 7.1 |1.105] Tool failed 5.23 195.0 

os McInnes!. 2... .... 1.89).047 [14.7 | .367) Time up 8.16 195.0 
OeStyrign see sa. . oe 5.24|.131 |29.8 | .746 “ec 100.00 94.2 
MeStyrian. (ss c3s. 1.04|.148 |57.2 | .789 ae 14.80 107.6 
INOVOle eu ees ales 5.15}.143 (23.3 | .648 es 5.85 94.3 

Oe Vieinnesie errr. 5.21|.149 |24.5 | .702 z 5.70 138.6 
MEO MN OVO... 2 oc. es0008 5.04|.144 [33.5 | .958 “s 14.30 106.8 
Hel) McInnes:........- 5.22).141 |30.0 | .812 WG 10.00 109.3 
Be OLC so ciee eres s.s 10.40).144 |67.7 | .941 a6 17.85 103<3 
ED GNGCAN ieee recone 4,25|.144 |29.8 |1.012 OG 24.00 1722 
MAL OW occas seas 5.36|.145 |85.6 | .964 a 15.00 109.2 
eto Styrian.......-.. 5.28].176 |34.2 |1.140 e 12.20 102.0 
Ow NOVO cite orcs. 180-16 3.76|.179 |380.8 |1.470 ah 4.28 107.0 
mie vicinnes .5......| Lol 178 | 2... .....| Tool failed 0.00 ily 
Ss MCINNeSs. 6.5 066 PRS Wel iBi | eesesreesl ltt revere Time up 8.13 LA a2 
"@ aR Waren oe 3.36].177 |21.0 |1.110] Tool failed 0.00 seo) 
AQ) INIOMORP angers mie 1.95}.177 |12.1 |1.110} Time up 2.23 113.9 
Re Styrian.......... 5.29]}.196 |24.4 | .903 ue 22.00 90.3 
Me NOVO. 65 60:6 6 ox 5.26).195 |19.0 | .704 oe, (noo 95.9 
ig23 McInnes......... 5.32}.197 |23.0 | .852 wG 11.00 102.4 
|, 24S Deo) Ke bee 5.14].194 |22.5 | .850 a 10.80 109.8 
mo A. & W....60 5505 5.34].192 |24.6 | .887 a 11.35 111.2 
MeO SLY TIAN 82.5 6.05 - 5.23].187 |22.6 | .808 < iow 122.2 
WEE OLAL. C2 haisd «Seca Ao oilksisy ek Ih arabes UG 5.50 124.8 
BI SMART OCW snc tins sa 5.21|.193 |28.4 |1.050 8 22.00 107.0 
49 McInnes......... 3.70|.192 |14.5 | .756} Tool failed 00.00 167.5 
f20 Styrian.......... GO el SSialspssetes pee Time up 3.46 167.5 
iy] SEBSOD warece sis 2 <7 3.36) .120 |27-0 | 982 es 22.80 123.2 
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EXPERIMENTS WITH HigH-Srrep Toot STEEL on Cast [Ron 


TABLE III 


ENDURANCE TRIALS 


il 2 3 4 5 & 6 a 8 a 10 

Name of | Te |-qrial| Intended | actual | Actual | Area 
Brand of | Piece ea 

Tool Steel} wo | No. | Speed cae Speed | Cut | Feed pes 

FR : : Sq. 

t./Min.; Ins. |Ft./Min.| Ins. | Ins. | yy 
1 Novo. ..| 29 15 50 | 4xg 47.6 % | .0156}.00780 
2 Styrian.} 30 17 50 o 48.3 % | .0156}.00780 
3 McInnes} 30 18 50 et 52.4 3% | .0156].00780 
4 Jessop..| 31 124 75 | txz)5 76.9 ¢ | .0312].00780 
5 Novo. ..| 29 16 40 | 4xgh 37.6 % | .0312}.01560 
6 McInnes} 27 19 75 | $Xq5 CES $ | .0312}.00390 
TNovoreni za 20 75 2b 75.5 $ | .0312).00390 
8 Styrian.| 3 36 65 ne 63.6 $ 0312} .00390 
9 McInnes} 3 37 65 He 67.7 4 .0312} .00390 
10) NONE ao) & 38 65 He Gia 3 .0312| .00390 
11 Styrian . 1 21 30 | 4x75 28.0 $ .0642) .00802 
IP INONKOY, Gall Al 22 3 PH ell & | .0642|.00802 
13 Novo...| 2 34 50 ae 51.1 & | .0642).00802 
14 Styrian.| 2 35 50 i 53.2 & | .0642|.00802 
15 Jessop..| 31 12 75 ue 74.5 $ | .0642).00802 
IG Rex:...)) 982 126 80 ne 80.4 $ 0642] .00802 
ily’ Sigyaakeyon.,|| ie, 45 85 | xz 88.7 % | .0952).01190 
18 McInnes| 14 47 90 : 92.4 $ | .0952).01190 
19 Novo....) 13 46 95 a ol % | .0952/.01190 
20 Poldi....| 14 48 105 ac 105.2 $ | .0952).01190 
2 Ae Wei 14 49 115 ug 113.6 g | .0952).01190 
22 Styrian.. 1 26 385) | yxy 38.7 | ye .0642) .00401 
23 McInnes} 1 32 35 : 36.1 si 0642] 00401 
24 Styrian..| 1 33 35 ee 36.6 | dy | .0642).00401 
ZOMINCX ee ane 125 85 CS 84.5 | +7; | .0642}.00401 
26 Styrian..| 6&7 39 75 | pexabs 76.6 | +s | .0952).00595 
27 Novo. ..| 7&8 40 75 74.3 | +, 0952] .00595 
28 McInnes} 8& 9 41 75 a HG 9) aN .0952)| .00595 
29 Poldi...| 9&10} 42 75 oe 77.4 a 0952) .00595 
30 A. & W.|L0&11| 43 75 “ 75.0 | sy | .0952|.00595 
31 Mushet.) 11 44 75 MS 74.6 | zy | .0952).00595 


e 
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TABLE III—(Continued) 


1 1 13 | 14 15 16 17 18 
Area Weight 
A ane oh Machined | Removed | Cause of |Comparative) Hardness 
rand o 3 : d Durability of Test 
Tool Steel Total ie Total aoe: Withdrawal | “6+ Tool Piece 
Sq. | Sq. 
Ft. re Lbs. | Lbs. 
NOVO ne eco 4.2 |.062 | 71.9/1.058) Time up PALA) 195.0 
Siig 10.1 |.062 |182.0/1.132 te 100.0 124.2 
Bo Mclnnes: «......- 8.2 |.068 |130.0/1.087 is 100.0 124 2 
 UGSSO Oa Aboodeaes 10.2 |.200 | 89.6]1.756 gs » XO 124.5 
INGO rots pee e 10.5 |.097 |182.0)1.695 ig 29.2 195.0 
GeMcInness vac. 1. 0 36.6 |.202 |161.0) .892 i 100.0 132.0 
ENON OI. severe. seowa dca | lle | WS) Ee) se 100.0 132.0 
SRO Lane ese yee... |o22) |). L60 154.0). 791 oe 53.1 94.2 
O McInnes. ....... 31.9 |.176 1145.0] .798 a 36.9 94.2 
OMINOVO:2.© Fe .c-cc.cs5e OMAN SO) Ts 10S a 100.0 94.2 
SCY RIAN.) cei. « 14.7 |.149 | 63.2) .642 a 40.0 342.0 
BE INOVOfsesie ists fh o0.< 3 14.4 |.148 | 67.6] .695 ss 26.3 342.0 
SIN OV.Oniecie ctser tise: 41.9 |.273 |189.0)1.230 - 28.6 175.2 
ba SVG ehh epoca 36.1 |.284 |165.0)1.300 oe 42.8 L752 
15 Jessop 18.8 |.398 | 86.2/1.820 ae 9.6 124.5 
BG MIREX moe he bac 23.6 |.430 |106.0)1.930) Tool failed 9.6 232 
SCY TIAD 3. ofr 26s 34.9 |.702 |163.0)3.270} Time up 20.3 100.0 
MS) McInnes: aun ss. IUGR GASP Vanco llaccat Tool failed 250 117.2 
19) INGO Ole aaa ese [387.3 |.774 |167.0/3.480| Time up 13.0 106.6 
PMD OL n ssc wens. ares 14.4 |.834 | 61.9/3.570) Tool failed 0.0 atl 74 
BAMA SG: WV eiote eh acelehes 15.8 |.902 | 64.9/3.710 wi inte! ANG, 
PP MSUY LIAM Gr. sc otrers 18.2 |.207 | 42.0) .477) Time up Ul 342.0 
Zon Melnnes:..i..- <3 12.4 |.193 | 38.2) .593 as 17.5 342.0 
PAO UY TIAT on. a stsie see 11.4 |.195 | 26.8) .458 ae Les 342.0 
MeV OK 55 ahesa tals, joiarsior ois 28.2 |.452 | 61.5] .984 He 17.0 123.2 
Peo) Sbyriam «......... 75.0 |.600 |175.0)1.400 2 50.9 107.6 
Baie N OV Oleie cserem césaie.e6 6 69.5 |.582 |170.0]1.420 gs 32.4 90.4 
28 MiccInneés.........° 79.8 |.614 |191.0/1.470 oe 27.4 116.4 
DOP EOL eisusce cies 78.6 |.614 |184.0]1.440 a 34.7 122.7 
BOA G2 Wretevere-aveinlde 72.9 |.595 |169.9]1.380 “0 23.0 108.0 
Bee Wushet.... «<0 2. 25.1 |.591 | 60.3)/1.420 a 100. 109.3 
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TABLE IV 


EXPERIMENTS witH Hiau-SpEeD Toou STEEL oN Cast [Ron 


i ot 2 3 ne eee eeT 8 


9 10 

Area 

Name of | ~&St | Triaj| | Intended. Actual Actual ot 
Brand of | Piece Gite Se || ees 
Tool Steel No. No. | Speed Feed Speed | Cut | Feed jof cut 

; " Sq. 

Ft./ Min., Ins. |Ft./Min.| Ins. , Ins. The 
1 Styrian 18 59 90 |paxss 91.5 fs | .0952).00595 
74 eg 18 60 100 se 102.5 a .0952) .00595 
oa TS aia 110 “ 1110.6 | 3s | .0952].00595 
4 46 18 62 120 sf 120.6 “is .0952)| .00595 
5 Mushet| 5 | 58 G0) | oict 4) 1G + | .0312].00390 
6 McInnes} 5 54 95 ge 95.3 4 | .0312].00390 
7 a 5 55 100 oe 100.3 t .0312] .00390 
8 ee 5 56 110 es 110.9 4 .0312) .00390 
g es 5 57 120 ee 123.4 4 .0312| .00390 
10 Novo 4 | 50 Sia, | 86ct + .0642) .00800 
11 mG 4 51 95 é 98.7 4 . 0642) .00800 
12 me 4 52 105 es 105.2 $ .0642)| .00800 
is? a 4 53 115 xs 114.9 & | .0642}.00800 
14 Poldi 19 | 638 105 |x, | 106.8 | = | .0642/.01200 
15 me 19 64 1if uy NGL 33; | .0642).01200 
16 ae 19 65 125 =e 125.7 335 | .0642) .01200 
If IN, 3 Wall BAO 66 110 4x7 09S + =| .0642}.01600 
18 a 20 67 120 es 120.0 t . 0642) .01600 
19 a 20) 68 130 me 130.4 $ | . 0642) .01600 
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1 12 | 13) \ia- 15 16 17 
: Area Weight 
Name of Machined | Removed Cause of Conners 
Brand of ; ; urability 
\ Per Per | Withdrawal 
Tool Steel Totul Min. Total Min. of Tool 
Sq. | Sq. 
Ft. | Ft. Dbbs. | Lbs. 
il Sppseinecapsecaas 31.9 |.726 |.70.0, 1.59} Time up 12.00 
2 A yeas oxo yo% 23.1 |.812 | 48.2, 1.69] Tool failed To the 
3 Be fer Societe 38.1 |.877 | 87.9, 2.02) Time up 11.80 
f SES Sars 39.5 |..956 | 96.6, 2.34 es 5.50 
5) MANN nnaa on ooo c 2.9 |.238 | 12.1; .99! Tool failed 0.00 
6 McInnes......... 16.3 |.247 | 65.7; 1.06] Time up 50.57 
7. SORT sarees 1650 261 |) 71-3) 1.16 a 25.60 
8 SO See WieOMn2Soul iS. Olnle26 ce 13.00 
@) SEE yey ont aye. the 9.9 |.821 | 43.7) 1.41} Tool failed 6.37 
HOR NOVOR=... + 3 {13.3 |.460 | 61.8, 2.13) Time up 7.53 
11 TS ns ck ree et eae 14.5 |.527 | 66.0, 2.40 a 5.63 
Ze a eae 16.9 |.562 | 83.1| 2.77 «“ 12.20 
13 ac earn 19.3. |.614 | 88.8 2.82 oY 3.31 
AME OLCIMe e acraye ene: NRG) | G27 |) folio (fll Ginteill 2 13.90 
15 ST eae vlads 13 5 |.622 | 92.6 4.25 as 35.50 
16 i See 14.8 |.672 |102.0, 4.64 oe 100.00 
AMAT WR cise csi = 9.6 |.584 | 87.1) 5.28 — 13.40 
18 Bene reeteceersle coins 11.9 |.642 i06.0, sew 4 ae 100.00 
19 Noe Raho eee 13.4 | 697 nt 6.16 a 15.70 
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TABLE V , 


EXPERIMENTS witH HiGgH-SpEED TooL STEEL ON Cast IRON 


TRIALS TO DETERMINE VARIATION OF DURABILITY WITH HARDNESS 


1 2 3 4 5&6 7 8 9 10 11 
ilicrase Area 
Name of 2? | arate Intended Actual Actual of | Durati 
Brand of | Piece ae fPnas NPs of 
Tool Steel} 1, | No. | Speed | Socq | speed | Cut | Feed lof cut) Trial 
Ft./Min., Ins. |Ft./Min.| Ins. | Ins. ae Min 

1 Novo...| 22 | 94 50 | Xa 50.9| % | .0312].00390) 83 
2 Poldi...| 22 | 96 75 75.1 | $ | .0812).00390] 883 
3 Styrian.| 23 | 85 7 dé 75.2 1 | .0312|.00390| 384 
4 Novo...| 15 | 91 | 100 K 100.3 | #& | .0312}.00390). 373 
5 A.& W.| 21 | 88 | 100 Ki 101.5 | + | .0312).00390} 38 | 
6 McInnes} 17 | 70 | 100 at 101.9) 4 | .0312).00390| 36% 
TP oldie) 26M leTS iy dos e 125.8 | 4 | .0312).00390) 30% 
Sear Wal 6 eal 79 niani so ue 130.0 | 4% | .0312}.00390] 295 
9 Styrian.| 25 oy |) 1B) Be 1G 1 .0312} .00390 29% 
10 Novo...| 24 | 82 | 130 uf 132.0 | © 4 | .0312/.00390| 293 
11 Poldi...| 22 | 95 50 |%x15 50.4 | 4 | .0642).00802| 333 
12 A.& W.| 23 | 86 70 uf 70.9 | & | .0642|/.00802|  .238 
13 A. & W.| 15 92 95 Bt 95.0 4 | .0642|.00802 28 
14 McInnes| 21 | 89 | 95 « 95.2 | § | .0642}.00802) 204 
15 Styrian..| 17 | 71 95 Y 95.2 | 4 | .0642].00802| 27 
16 Poldi...| 16 | 80 | 120 et 120.0 | 4 | .0642|.00802 9 
Ue Novor. 4125.01 72 i on - 121.2} 4 | .0642).00802| — 21 
8 McInnes| 24 | 83 | 120 tt 122.7 | +4 | .0642/.00802| 213 
19 A.& W.| 26 | 74 | 140 # 143.4 | 4 | .0642/.00802| 183 
20 Novo.. 23 87 65 soy a 65.5 5 .0642).01200 33 
21 Styrian..| 21 | 90 85 "| 85.2 | ss | .0642/.01200| 324 
22 Poldi...| 15 | 98 85 . 86.2 | 8 | .0642/.01200| 25% 
23 Novo...| 17 72 85 a 88.8 | 33: | .0642/.01200} 24 
24 McInnes| 26 | 75 | 100 a 101.1 | 3; | .0642).01200] 22 
25 Styrian..| 16 | 81 | 110 ut 109.8 | 33; | .0642/.01200] 13} 
ae EF = Hs me i 110.6 | 3; | .0642/.01200 16 
4 ons OU 5 ' 5) 
28 Rex....| 32 | 127 70 « ae Tr | ee asleerana ee 


0642) .01200 29 
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1 12 13 | 14 15 16 ily 18 
Area Weight 
Masts of Machined | Removed Cause of |Comparative| Hardness 
rand of . Durabilit f Test 
Withdrawal Mf | eed 
Tool Steel Per per of Tool iec 
Total Min. Total Vin. ‘ Piece 
a a. Lbs. | Lbs. 
HN OVOlcsee ances 10.9 | .132] 55.4] .668)} Time up 67.6 167.5 
Olina ts eae sn 17.2 | .195| 75.9] .858 as 68.1 167.5 
BeSty nian 4.002. 7.5 | .195| 35.8] .929 us 1B. 7 122F 
al INNO RS nee 9.9 | .262) 45.2/1.200 i 100.0 132.0 
i Aga ie 10.0 | .264] 46.0/1.210 oa 31.0 124.8 
6 McInnes....... 9.6 | .264] 44.8/1.220 ce 60.0 90.3 
MOU acces eo: 9.9 | .327) 48,2/1.580 “ 24.8 95.9 
Nt ace Wind i, 10.1 | .338] 44,1/1.480 a 1B2 109.8 
2) SinaeGieecaoouoo oc 10.1 | .341| 45.7/1.540 oy 100.0 102.4 
HORNOVO co.cc nace es 10.2 | .343) 47.5]1.600 i" 1m il © 
11 Poldi. 9.0 | .269] 41.1]1.220 us O75 167.5 
RINE Bee 9.0 | .379| 41.2/1.730 “5 38.8 122? 
SNS Can 44.2 | .508] 59.1/2.110 a 100.0 132.0 
14 McInnes......... 10.4 | .509} 43.7|2.130) Tool failed 0 124.8 
15 Styrian........./13.7 | .509] 58.9/2.180} ‘Time up 100.0 90.3 
| ORCC b ronan 5.7 | .642| 24,1/2.680| Tool tailed 0 109.8 
ie Novo ...<c......|18.6 | .649] 61.7/2.940, Time up 100.0 102.4 
He Wielmnes........ 14.1 | .657| 65.6]/3.050 os a0) ali 
°'5) INS CaR WEE pe ae 14,2 | .767| 64.4/3.480 ae 5p 95.9 
BOON OVO. 02. <6 sce 11.5 | .350) 79.2/2.400 s 65.5 1Q9R9 
BAe Styrian ......... 14.6 | .455} 98.7/3.070 me IB 124.8 
2 Je Ce 18.5 | .461] 73.5/2.860 a 10.4 132.0 
ERMENOVOM curs css 11.4 | .475| 77.3/3.220 a 100 0 90.3 
24 McInnes ........ 11.9 | .541) 78.5|3.570 “s 35.8 95.9 
Bees byTian..csee wis 7.7 | .588} 50.8)/3.850 re 3.6 109.8 
BomeN. Oo Wosnas os 0 9.5 | .592| 64.3)/4.020 ss 26.0 Mit 
27 Poldi 12.5 | .597) 82.1)8.910 ~ 100.0 102.4 
US TRYSS Se pete eines 11.2 | .386) 72.3/2.490 bY atl HOR 
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TABLE VI 


EXPERIMENTS witH HigH-SrEED Toot STEEL on Cast Iron 


PRELIMINARY TRIALS 


1 2 “Ss 4 5 6 
Horse- Power 
one a aves — Total Required to Net 
Tool Steel. No No, | output of |drive lathe and required for 
i : Motor countershaft cutting 
Col. (4) — (5) 

Le Shyaian tea ae 28 3 2.52 .65 1.87 

Z bf "3 + Paes {h) .67 Ze 

3 be “4 5 BAO) 63 WAGE 

4 ae ai 6 3.05 stl Ste) 

5 ay ss 7 AAs) .63 1.66 

6 66 “9 8 1.29 703 .76 

7 “ “4 9 3.08 .70 3383 

8 of oh 10 2.42 64 il, 7s} 

9 ee a 11 1.46 .55 91 

10 McInnes........ 1 23 1.83 .58 1.25 
oi ee ae 24 1.90 .59 lok 
12 #s tC 25 sey 09 128 
SE NOVOMECE eee r 27 1.48 55 .93 
14 oe s 28 1.67 Df ALO: 
185) oe # 29 1.41 .o4 .87 
IG) SIAATEIN no56oncer “ 30 oy .5o5 .97 
LIND VO eee ere ee We 31 1.42 54 .88 
Sa Sbycian eee 27 130 3.06 .67 2.39 
OR NOVO eee a 131 2.80 .55 Py S 
DOE McInnes ance ee Me Hee I eae ee ane a ae 
PAL TSNAGENNS 555 Odor ORL Ss 4.89 .89 4.00 
WPF ION aws coce.coll © oy 134 orm bey .68 2.44 
2d) SLY LIAM ener: 23 =| 185 2.74 64 2210 
24 se &¢ 136 2.69 63 2.06 
25 os a 137 2.45 .60 1.85 
AAV ISON Oraca toa cbec a MB Ah ose oe ae “ate 
Pail of 22 139 2.43 60 1.83 
28 Sty Tans ves a 140 2.50 .65 1.85 
ZO) CSSO Deemer 31 | 141 2.50 65 1.85 
30 oe es 142 2.82 64 2.18 
ec OZ els Qee 64 2.18 
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TABLE VI—( Continued) 
1 8 9 10 11 12 
Cutting force on point Area 
Name of of Tool. Size of Hardness 
Brand of T Pox ta) . Cut of 
ee | Cat, “\(cutkteed)| Test Piece 
Lbs. Lbs. Ins Sq. In. 
Styrian..... 1126 129300 xX xh 00870 114.5 
sb 1928 123200 +X ge 01560 114.5 
4¢ 1696 106000 +X ds 01600 114.5 
of 1282 107800 Se SB 01190 114.5 
«“ 920 114800 | tx 00802 114.5 
«“ 432 110800 ee 00390 114.1 
“ 1508 130000 a 01160 114.5 
“ 1235 106500 Sear 01160 114.5 
ie 728 93400 +X x .00780 114.5 
MiclnmMes\ 7. <1. 1451 181000 1 eck. 00802 349 0) 
« 1360 169800 ae 00802 342.0 
“ 1325 165300 iz 00802 342.0 
NiGWGisgatoneoe 754 188000 eats 00401 342.0 
« 832 207000 ¢ 00401 342.0 
“ 675 168200 at 00401 342.0 
imobyrian. ....+. Te 192500 By .00401 342.0 
MR OvO......... 697 173500 “ 00401 342.0 
estyrian...... 519 133000 tx ys 00390 132.0 
HNOVO. 0.00 oe 492 126000 ae 00390 122.0 
MclInnes...... ee | pe eras JU . 00390 132.0 
Buyrian.....'.- 1189 99100 ti xX ze .01200 109.8 
MP GvO.......:. 752 93800 LX de 00802 109.8 
Styrian....... 518 132800 es 00390 122.2 
&“ 507 130000 we 00390 (DP. 
“ 593 152000 ai 00390 1 DDD 
OWOgsaonceee ae A ee. gb .00390 eee 
{ UG 595 152500 i .00590 LGZeD 
Pmetyrian....... 768 196800 fe 00390 167.5 
PRCSSOP...i.. 02) 1145 142800 tx 00802 124.5 
« 958 119300 ee 00802 124.5 
‘“ 847 105600 BC 00802 124.5 
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TABLE VII 


EXPERIMENTS with HigH-Sppep. Too STEEL on Cast [Ron 


Sxin Cur TRIALS 


= 
1 2 3 4 5 6 ii 
Horse-Power 

i Ac 

eee et Nth Aue Total Required to Net és 

Tool Steal No. | No. | Output of |drive lathe and|Required for| gp, 

Motor | countershaft Cutting 
Col. (4) — (5) 

eS byian ere yet 28 il 1.22 02 0.70 
2 AAG nonseous 28 2 0.82 49 0.33 
By NCIS. o5 66 600 - 29 12 1.47 5d 0.92 
4 MclInnes....:... 29 13 2.53 .65 1.88 
Oo evMielmnesiaa. naar 29 14 1.14 .52 0.62 
SO SUABNM c goo 00 60 3 97 1.38 54 0.84 
UAMAdehans oecos 6a7 | 98 6G 57 iE aK) 
SAN OVO rsetecta cons 8 99 1.48 55 0.93 
OeMiclan estrryaseee 9 | 100 1.74 .57 il ey 
I INOWOns 4600 Re, oc LOM LON OG .60 1.36 
ieNicinnesteemener iil 102 1.74 .57 ISIE 
UP Wolo oa08 1213) 103 1.86 .59 1.27 
TB CARK Wis centres 14 | 104 1.38 54 : 0.84 
TAAL Oo Witetarecerercies 4 | 105 1.82 .58 1.24 
L59Styidank acer 5 | 106 2.00 .60 1.40 
GY INO Ob aauona oooi) IKs 107 2,12 61 nlimeyil! 
I, MUON oe eccany IES) |) tues 229 83 1.66 
USSViclomnesteereee LOM LOS 2.29 .63 1.66 
UO ARON Som con chee “Ady | IG) 2.50 65 1.85 
ZOPNOVOn eee 20 al 2.41 64 Sag 
ZIMS by Tia nenereereee 17 112 1.88 59 1.29 
ZANONOs mE eee 26 | 113 1.88 .59 1.29 
23 Melnnes\j.ceeee 25 114 IPAS} .58 1.20 
24 BOL dil sees erretneter 16 115 1.83 .58 1.25 
20 CAS GAW etn one 24 | 116 1.96 .60 1.36 
PAG) ISMN EN Ne Geis an 4 o 23 aly 1.84 .58 1.26 
PA WRONG NG cease besos & 2) 118 1.85 .58 27 
28 IASG IW ee esciseen 15) = || aes) PA ALS) .62 17 
7s) MOTTE coe oho 22 | 120 2.02 60 1.42 
SiO) (Siete cogen gods Pee || IAL 1.76 58 1.18 
SIL MEO Seosucoac 32) 122 2.00 60 1.40 
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1 


Name of 
Brand of 
Tool Steel 


MclInnes...... 


Boldi......... 


Mcinnes...... 
jistyrian....... 
Jessop 


8 9 10 1 12 
Cutting Force on Point 
of Tool eye Area of | Hardness of 
a, fe) Cut 
Pee or a Cut (cut X feed)| Test Piece 
Lbs. Lbs. Ins. 7 Sq. In. 
511 101000 eX y hs 00507 114.5 
300 59300 aU 00507 114.5 
658 168500 Xe .00390 195.0 
1042 133800 xXx .00780 195.0 
562 144000 4xgk .00390 195.0 
548 93800 BsX qs 00585 94.2 
658 112500 sf .O0585 107.6 
558 95500 ef 00585 94.3 
673 115000 oh 00585 138.6 
809 138300 ae 00585 106.8 
710 121300 og 00585. 109.3 
754 129000 Ss 00585 OSES 
502 85800 Ks . 00585 Vie 
732 125000 ay . 00585 109.2 
682 116300 os 00585 102.0 
725 185800 4x ql, .00390 107.0 
800 205000 ot .00390 TM 
800 205000 my .00390 lef oP 
899 230000 us . 00390 IBY 
858 219600 us . 00390 113.9 
565 145000 ue .00390 90.3 
567 145200 ie 00390 95.9 
524 134300 a . 00390 102.4 
553 141800 ee .00390 109.8 
608 155800 oe 00390 ale? 
577 147800 . .00390 12 2Ee 
559 143200 re . 00390 124.8 
699 179000 oe . 00390 107.0 
636 163000 .00390 167.5 
538 137800 i .00390 167.5 
1001 128500 kx, 00780 123.2 
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‘e 
¢ 
TABLE VIII 
EXPERIMENTS WITH HiGcH-SpeeD Toot STEEL on Cast IRON 
ENDURANCE TRIALS 
1 2 3 4 5 6 
Horse-Power 
ae ee ae De Total Required to Net 
Tool’ Stacl No. | No. | Output of jdrive lathe and| Required for 
Motor | countershaft Cutting: 

Col. (4) — (5) 
il, INGhiOe oom cee oasalle 22 15 2.88 .68 2.15 
DeStyrianes 28 30 ake 2.52 65 1.87 
SeViclnnecter eee ce mou. 18 Dol 63 1.68 
4 Jessop 31 124 3.10 .68 2.42 
DENOVOEe se eee 29 16 3.58 AYA) Z2e83) 
6 MelInnes........ 27 19 IL aye 56 1.01 
a NOV Omen Aeon 27 20 1.49 .49 1.00 
Sa Sbyiciane sere 3 36 1.34 54 0.80 
OmViclinness ae aoe 3 37 1h 33 way 0.86 
ORNOVOn eee 3 38 1.27 sd) 0.80 
ill Siygaeins cose coos 1 21 1.56 56 1.00 
IORNOVO eee ei er 1 22 1.66 56 LO) 
US} INOWOS con oe coor zy 34 Prailies .61 1h 394 
IE INGEN gcc cout: 2 35 ih as) .58 e220) 
SMUESSOD PE erent ail || ie 2.98 66 2732 
IG BIGxs. erie ie BY 126 3.05 .67 ZES 
IL SHANE oan come 12 45 3.16 .68 2.48 
TESS MIGRATES oa 60.0606 14 47 Byatare se 2.80 
1) WIOMOP soe 5640.6. 3 46 Bi, (637/ 5 2.93 
YAN) Veto Kee aed o cece 14 48 4.49 .83 3.66 
ZUGEAT CVV ae ese 14 49 4.83 87 3.96 
2 SUMMING oon Gowen 1 26 II) 52 0.67 
ZouMichnmesse.s ines 1 32 i out 508 Onrl 
DADS by nig fener 1 33 49) 47 0.82 
AD) AER ooh aaer ac SY 125 2.03 stant 1.46 
26 Styrian..... way || obtee 1 39 1.89 .O7 ES? 
PA ANOMO).Gcansonae |) Lessee 2X0 1.56 50 1.06 
28 MelInnes........ 8&9} 41 1.92 59 1.33 
PI AZN Ginn onnoe cancel Geely) <2 2.04 .60 1.44 
SO) ING, BE AW onc oo aac 10 &1l1| 43 1.96 54 1.42 
3 iil 44 Wf) 00 1.26 
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1 8 9 10 11 2 
Cutting Force on Point ard f 
| Name of of Tool Size Area of ardness 0 
Brand of 7 oT of Cut ? 
| Total Per Sq. In. Test Piece 
» Tool Steel Galeulticd a Wrox ol Cur Cut (cut x feed) 
Lbs. Lbs. Ins. | Sq. Ins. 
ovoO......... 1492 191500 4 xX g | .00780 195.0 
jp Styrian....... 1275 163500 SS .00780 124.2 
+ McInnes...... 1059 135800 of .00780 124.2 
‘| Jessop 1040 133300 i x 3 | 00780 124.5 
Bfovo......... 2482 159100 x W 01560 195.0 
McInnes...... 428 109700 ix a | .00390 132.0 
NOVO. os. ees 437 112000 ee . 00390 132.0 
Bebyrian....... 415 106400 “g 00390 94.2 
McInnes...... 419 107800 « .003890 94.2 
WENOVO. cs. eves 394 101000 ue - 00390 94.2 
\Styrian....... 1179 147000 1x a | .00802 342.0 
WENOVO. .....-.. 1310 163500 HY . 00802 342.0 
BMIOW ON. 25 Gnas 982 122500 a . 00802 175.2 
MEE TIAD.... ss 745 93000 es 00802 175.2 
MIeSSOP. .....-- 1029 128300 i 00802 124.5 
GSS eaeee ereseread 978 122000 os . 00802 IWS ys 
Styrian....... 924 77900 1 x 8 | .01190 100.0 
| McInnes...... 1000 84000 ee .O1190 ali Zeezs 
NOV On. 5 geo 1010 84900 2 .01190 106.6 
Woldi..... 1148 96500 oe .O1190 ee 2, 
46 \0 (eg 1151 96800 Ce .01190 Ilys 
‘| Styrian....... 571 142800 | ae x 4 00401 342.0 
) MeInnes...... 649 161600 00401 342.0 
TeeVCIAD.... 5s. 739 184000 ie 00401 342.0 
i 570 142000 ve .00401 123.2 
Styrian....... 569 #5700 fs X te 00595 107.6 
BYOVO ccs. 5 sn 471 792 .00595 90. 
MclInnes...... 567 95300 © 00595 116.4 
ROUGH 2.0% 5 oe 0s 615 103200 oa 00595 OO 
Aaa aa 625 105000 SS .00595 108.0 
Mushet....... 557 93800 wh .00595 109.3 
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TABLE IX 


EXPERIMENTS with HigH-SpEED TooL STEEL oN Cast IRON 


TRIALS TO DETERMINE VARIATION OF DURABILITY WITH CUTTINGS 


1 Hs 4 | 5 6 
Horse-Power 

N f i a 
Dee ae oe Total | Required to Net 

Tool Steel No. | No, | Output of drive lathe and|Required for 

Motor | countershaft Cutting 

Col. (4)—(5) 
TRS GYTIAN «nj )srees 18 59 2.38 59 hy) 
DIS ATENN: Gao accord 18 60 Mati 63 2.08 
3) SUVAEEN no Hoc ose 18 61 2.84 65 2.19 
4 Styniane acco ao 62 3.08 67 2.41 
DeMiusheteer met 5 58 Medes 52 1.25 
GyMcihness ae 5) 54 1.58 50 1.08 
(ae ViGInn esters 5 55 cde! 02 1.26 
8 Micilmnes. ane: 5 56 2.16 .59 1.57 
G) ICM Nhs oe cac 5 57 2.19 57 1.62 
OMNOWOFepraerr cert 4 50 2.61 .62 1.99 
ILE ION Osonnn conan 4 51 2.92 66 2.26 
LENO OR ecetag ee 4 52 3.14 68 2.46 
PSRINOVOn arsine 4 3 3.76 75 3.01 
VA SPOLUIAS reeere sees 19 63 4.48 83 3.65 
TD aROldU cracmeonnece ig 64 5.06 90 4.16 
Gy Meola oon ode ox 19 65 5.20 92 4.28 
I Sto \Wombineru thc 20 66 6.50 1.07 5.48 
SSAC Soe Wier svente 20 67 5.98 1.01 4.97 
IES) UNG Ss Wn Bie on avctor 20 68 6.04 oO 5.03 
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TABLE IX—(Continued) 


1 8 . 9 10 ial 12 
Cutting Force on Point = f 
Name of of Tool Size oon Hardness of 
Brand of | —Total | Perfq.im.| f, (eat feed) 
Tool Steel Paulated tAveaiot Cut Cut he Test Piece 
Lbs. Lbs. Ins. Sq. Ins. 
ieistyrian....... 647 108800 ds < & 00595 107.0 
Eeouytial. ...)..- 670 112600 ue 00595 107.0 
Beobyrian..... .. 653 109800 ou .00595 107.0 
geotyriaN. ...... 661 111000 a . 00595 107.0 
pe Mushet. ...... 450 115400 eX 34 .00390 102.0 
6 McInnes ..... 374 96000 es .00390 - 102.0 
“McInnes. ..... 414 106100 ee .00390 102.0 
Sei MicInnes...... 468 120000 ff .00390 102.0 
 MeInnes...... 433 111100 us . 00390 102.0 
WENOVO: cc eee 763 95300 t xX we . 00802 109.2 
MEENOVO. pac see 757 94400 a .00802 109.2 
EINOVO: co ees USA 96300 a .00802 109.2 
IBEINOVO. ces coe a 866 108000 me . 00802 109.2 
POMS ccs ees 1128 94000 ts xX as .01200 117.2 
MOLI, 5... see: 1182 98500 uf .01200 Wi? 
HOUT. 6.8 ones 1124 93750 os .01200 Gy 
HPAL. Oo Wie ences oe 1640 102500 tX qs .01600 1329) 
Hee. & W...5.4- 1366 85500 .01600 1138.9 
If A. & W..-... Oe 79600 ue .01600 Is ye) 


| 
| 
iH 
| 
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TABLE X 


Exrrriments with HiaH-Sprep Toon Steet on Cast [Ron 


TRIALS TO DETERMINE VARIATION OF DURABILITY WITH HARDNES}} 


1 oS 4 5 6 dl 
Horse-Power ] 
Rangot | fest) Tal) “cigt 7 Reguived to | Net | cud 
: 7 output of |drive lathe and| required for 
Toelibteck Nos Ne: Motor  |countershaft cutting Sper 
ae eed | 
Col. (4) — (5)|Ft./ 2 
il IN@WOs occ ba ovose 22 94 1.57 .56 1.01 5 
De Pol diner rer 22 96 2.03 55 1.48 7s 
BY SABE 5a) Sp ooK 23 85 2.08 56 1.52 7 
Lenore is 15 | 91 1.88 4 1.34 104 
VNC ea oe 2 Was he 21 88 2.18 .5O7 1.61 10)} 
6 McInnes........ 17 70 eS 53 1.34 10 
ARG 6 65 buoao.o' 26 73 2.51 61 1.90 129) 
Chih ee NG ae oo cease 16 19 2,38 .59 ig) 134] 
9 Styrian...... 25 | 76 2.26 58 1.68 13} 
IO SNoyvon separ. DAM es? 2.54 61 1.93 3 
UE] cities eae 22 95 2.44 64 1.80 dtl 
TODAS Soa V Eero e 23 86 2d .63 2.10 i 
1a Ne, Ce Winisace Gcee 15 92 2.62 .62 2.00 9} 
14 McInnes........ 21 89 4.07 80 3.27 OF 
sy ANAGEVI Gs 9 oo 30 17 71 2.65 .62 2.03 ot 
GME Oldie eee ee 16 80 3.88 stil 3.411 12u) 
A iNOW Ogu eiiene ce 25 a 3.33 .70 2.63 12) 
18 McInnes....... 24 83 Baal .70 2.57 12) 
Sate tes Wiens oo boas 26 74 3.00 76 3.07 14. 
Ay INDO ane cage te 23 87 3.55 15 2.80 | 
DTS inst aver eee 21 90 4.05 oft) 3,26 | 
22 SROLGIN ect, seen 15 93 3.96 .78 3.18 ' 
Dom NOVOn eee ily 72 Sno0 .70 2.66 : 
24) Micinnesi sas 2O 75 3.68 74 2.94 10) 
24D) ANAABNN Ss S06 o7 16 81 4.58 84 3.74 10) 
D6 A Ges Wie sone 24 | 84 4.02 .78 3.24 11) 
OT ePoldieten ates SN ie 429 .80 3.42 11} 
2S ENG xe eae oe 32 127 3.50 12 2.78 [ 


TABLE X—(Continued) 
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1 8 9 10 11 12 
Cutting Force om Point 7 f 
Name of of Tool Size Ga a Hardness of 

ae ot > Total ~ | Per Sq. In. of (ents fecal . 

seer? Calculated | Area of Cut Cut = Test Piece 
Lbs. Lbs. Ins. Sq. Ins. 

(RMPNOVO:..5 2.55. 655 168000 t+ X 00390 167.5 
WeePoldi......... 650 166500 is .00390 167.5 
imoootyrian....... 668 171100 Me 00390 1222 
W4 Novo......... 441 113100 ce 00390 132.0 
FADE GENV sieve one 523 134200 ee .00390 124.8 
}6 MeInnes...... 434 111200 pe .00390 90.3 
Mme Oli. ... 66.5% 498 127700 Be .00390 95.9 
BPA OS Woo occas 454 116800 es .00390 109.8 
DOV TAD. sfc 422 108100 “ .00390 102.4 
WENOVO!. 2... ..0- 482 123500 ue .00390 Pe; 
EOL iae asics 1179 147100 bx SF .00802 WV) 5 
ANS Weta ieee ree 978 122000 ae .00802 12ORD, 
AN erga Ene ee 695 86700 oc 00802 132.0 
4 McInnes...... 1134 141500 te 00802 124.8 
MemOLYTIAN sc... « 704 87800 Of 00802 90.3 
16 Poldi 855 106500 ee 00802 109.8 
PIWMENOVO...c005 +s ai 89500 BG .00802 102.4 
8 McInnes...... 692 86300 se 00802 IL 
PAM CAVE Foes. 13 706 88100 ee 00802 95.9 
WUINIOVO cose ss ae 1410 117500 iy Oe te .01200 12) 
Wimouyrian....... 1264 105300 og .01200 124.8 
MaMPOIdI ... 20.5 1219 101509 se .01200 132.0 
WOMINOVO). cc sans 989 824C0 ae 01200 90.3 
McInnes. . 958 79800 ie .01200 95.9 
SINAC OA Bee or 1123 93700 es .01200 109.8 
PAR VV schist jertne!s 967 80600 of :01200 iil a”) 
POL eee. 3 1012 84500 ie .01200 102.4 
18 Rex 1271 106000 te .01200 123, 
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V. Summary or REsvLts 


(a) Variation of Cutting Force with Area of Cut 

The effort exerted by the tool in cutting was determined 
explained in Part III (c). The horse-power lost in driving t 
lathe and countershaft was deducted from the total horse-pow 
used during the trial, the difference being the net horse-poy 
required for cutting. This was reduced to foot-pounds per m 
ute, and divided by the cutting speed, giving the force exert 
The figures so obtained were reduced to pounds per unit area 
cut, and plotted as ordinates upon a base of area of cut in Fig. 
The curves show that the cutting force was not directly prop 
tional to the area of cut, but decreased as the area increased, 4 
that the average cutting force varied from 50 tons per squi 
inch for soft cast iron to 85 tons per square inch for hard « 
iron. Each curve shown in the figure represents a differ 
hardness of cast iron. The relative hardness is shown in | 
table on the figure. 


(b) Variation of Durability of Tool with Cutting Speed | 

In Fig. 15 are shown the curves which represent the relat 
between the durability of the tool and the cutting speed. TI 
are important curves. Each curve represents a different hé 
ness of cast iron. Referring to the middle curve, which iss 
cast iron of medium hardness, it will be seen that a cutting sp 
of 50 feet per minute is satisfactory, the durability being /| 
If the speed is increased very materially, the durability decre: 
quite rapidly. It is evident that for each hardness of cast i] 
the cutting speed allowable for a maximum durability e3 
where the vertical line indicating cutting speed is taney 
curves similar to those drawn. 


(c) Variation of Cutting Speed with the Hardness of Cast 

The curve shown in Fig. 16 represents the advisable cut 
speed on cast iron of varying hardness. This curve represents 
result of all the tests of the different steels tested. This ch 
shows: (a) that any of the steels tested can remove very ik 
cast iron ata rate of 25 feet per minute; (b) that all of the 
tested begin to wear rapidly at speeds a little above 125 feet 
minute. Between these two points the relation between a) 
cutting speed and the hardness of the cast iron seems to be. 


| 
| 
| 
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nitely expressed by the curve. It would seem that cast iron of 
medium hardness, 100 to 120, could be cut at 125 feet per min- 
ute just as readily as at 70 feat per minute, as far as any injury 
to the tool is concerned. It must be foment hered that this curve 
does not take into account the effect, on the cutting speed, of the 
‘variation in the area of cut; the experiments from which the 


Hardness or Casrlron. 


cj) SERRE 
PECTERrettt Curve SHOWING variar/Or oF 
Baona 4 5 Curing Speed with Hardness 

6 EI of Cast Irom, with resu/ts of 

300 4 a// foo/ Gree: 
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ny speed a) eS per minute. 


Fre. 16. Curve SHowine Currinc SPEEDS It IS ADVISABLE 
TO USE WITH A VARIATION IN THE HARDNESS OF Cast IRON 
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curve was plotted were in all cases those in which the cut wi 
very nearly 4 in. depth of cut by ¥5 in. feed, so that ther : 
but a slight variation in the area of a in all of the experime 
From the curve of Fig. 16, we find the cutting speeds given) 
Table 4 to be applicable to the grades of iron manufactured 
the different companies sending test pieces. In order that : 
company may make use of the curve shown in this figure, it 
be necessary simply to determine the average hardness of its ¢ 
iron, as explained elsewhere, and where the horizontal li 
representing this hardness cuts the curve, the possible safe ce 
ting speed may be read on the scale below. This curve sho} 
prove useful to various manufacturers. | 


TABLE 4 
| 
) 
ALLOWABLE CurrinG SPEEDS FoR GRADES OF Cast IRon Uskp IN THE TESTS | 


ad 


Average Allowakt 
Name of Company Sending Test Pieces Hardness of | - Cuttin: 
Test Pieces Speed: 


Pieree Plant, ,..9< 0409: 101.8 132.¢ 
Michican’Plantiseeemees ILO) 7 118.¢ 
American Radiator Co..... AeWetrotu lant eer 109.3 120.¢ 
Chicago, Ill. 
——— Plant.......... 112.7 90.4 
me ‘5. 17-05 
<a eee 138.1 60.4 
Marked B 5-26-05 | 
= JARI 5 o555 5006 103.1 1327.4 
[ Marked B 6-2-05 
Grevalrone eee eeeeee 132.0 63..| 
Orane Company........... 
Chicago, Ill. Herro-Steelerrapireeeeee 342.0 28. 
ROOb my ane Dervoortsh noon OO ann 175.2 | 
7 East Moline, Ti ! ee 4 
niversity of Illinois... sive Seen aernte hee eee renee 186.3 } 
M. E. Dept. Shops. ; et 
(da) Generally speaking, all the steels tested proved equ: 


effective. Itis very evident that there are great possibili) 
ahead for high-speed steels. Before realizing their full bens 
however, certain advances must be made. Heavier machine t 
must be built. The capacity of the motors and power pla 
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nust be increased. Special hardening furnaces with temperature 
neasuring devices must be available. More must be known con- 
erning the chemical and physical properties of the various steels. 
e) Tool steels are now available that will cut cast iron from 
wo to three times as fast as was possible a few years ago. When 
very advantage has been taken of these possibilities, the cost of 
nanufacturing many articles should be materially reduced. 


VI. Rererence List or ARTICLES oN HigH-SPEED STEELS 


xperiments with a New Tool Steel: by F. Heissig, in Stahl and 
Eisen, January 1, 1901. 
Results of tests made by Béhler Bros. and Co., Vienna 
and Berlin, on their Styrian Steel marked Boéhler Rapid. 


Extract of Report of Experiments of Taylor and White, at the 
Bethlehem Steel Co., S. Bethlehem, Pa.: in Zeitschrift des 
Vereines Deutscher Ingenieure, March 80, 1901. 

The Taylor-White Process of Treating Tool Steel and Its 
Influence on the Mechanic Arts: by OCnarles Day, in Jour- 
nal of the Franklin Institute, September, 190]. 


High-Speed Steel: in Zeztschrift des Vereines Deutscher Ingen- 
zeure, September 28, 1901. 
Report of experiments instituted by the Berlin section of 
the Vereines Deutscher Ingenieure. Test made on forged 
and cast steel and cast iron. 


High-Speed Tool Steel: by F. Reiser, in Stahl and Hisen, Janu-_ 
ary 15, 1903. 
A discussion of the chemical properties of high-speed and 
self-hardening tool steels. 


Speeds, Feeds and Angles of Metal-Cutting Tools: by F. Don- 
aldson, in American Machinist, March 5, 19038. 
Discussion of the relation of cutting angles to angles to 
which tools are ground. 


The Requirements of Machine Tool Operation with Special Ref- 
erence to the Motor Drive: by Charles Day, in American 
Machinist, Part 1, March 12, 1908, Part Il, March 19, 1903. 

Discussion of tools driven by electricity. 
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Metal Cutting with the New Tool] Steels: by Oberlin Smith 
Engineering Magazine, April, 19038, Vol. 25. | 
Discussion of changes in the design and operation of 
chines to be wrought by the new tool steels. 
Notes on High-Speed Tool Steels: by Henry H. Suplee, in | 
gineering, (London), July 31, 1908, Vol. 76. 
Results of tests made at ‘hie Union Pacific Shops, Om 
Nebraska. 


Rapid Tool Steels: in Engineering (London), August 21,1 

Vol. 76. . | 

Chemical properties of the new steels with attain 
speeds. Editorial. 


Rapid-Cutting ee Steels: in Engineering (London) October 
1908, Vol. 7 | 
Report on eae made at the Manchester Munic 
School of Technology under the direction of a joint re 
mittee from the above school and the Manchester Assq 
tion of Engineers. A very elaborate and interesting re? 
by Professor J. T. Nicolson, also reported in the Rex 
Machinist, November 19 ed 26, 1903. 
The Analysis of High-Speed Steels: in Engineering (Londi 
November 20, 1908, Vol. 76. | 
Methods of testing for different chemical constituents | 
Cutting Speeds and Feeds with New Tool Steels: by Ob 
Smith, in Lngineering Magazine, January, 1904, Vol. 26.. 
Racoud of actual results obtained. | 
Rapid-Cutting Steel: by Professor J.T. Nicolson, in Techi| 
January, 1904. | 
A very interesting summary of Berlin and Manche 
pen The following formula is deduced : | 


| 


v= 


V = allowable cutting speed in feet per minute 

a —= area of cut in square inches 

K, L, M = constants for different materials 

See Table 5. The chemical analyses to which these te 
apply are given in Table 6. It is probable that thes¢ 
sults were obtained under the most favorable condii 
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and therefore represent the maximum results obtainable 
at the time of these experiments. It is a question whether 
these results can be attained in the work shop, where the 
conditions are frequently not so favorable. 


TABLE 5 
Constants FoR Use in tae Equation Givine tae Revation Berween Currin 
SPEED AND AREA oF Cur 
(Experiments by Nicolson) 


Fluid Pressed Steel Cast-Iron Bars 
Constant | - = = = 
Soft Medium Hard Soft Medium Hard 
K 1.950} 1.850 | 1.030 | 3.100] ~ 1.650 1.300. 
| L O11 .016 0.160 .025 .030 .035 
M 15.000 6.000 4.000 8.000 7.000 5.500 


TABLE 6 


CHEMICAL ComposiTion OF MATERIALS REFERRED TO IN TABLE 5 


(Experiments by Nicolson) 


Fluid Pressed Steel Cast-Iron 

Soft | Medium | Hard] Soft Medium | Hard 

Mar bOneca. rise .198 S218 ROA eyes: Racks Sree (pete 
Combined Garbonuleccss Went ecssc sole cee o- 459 1585 1.1500 
(CHIE GST ie acieie eed eae lisrcicc rca ereeeiene cuene aera Near ee 2.603 2.720 {1.8750 
\ SCO eee a ODD O86 SH [eK 1.708 1.7890 
Manganese........ 605 650 192 \1.180 .588 3480 
SHPO S 6 cio gute .026 .037 AOR I sO 061 .1614 
Phosphorus. ......| .035 043 NOS Tal pens .526 7320 


ie Heat Treatment of Steel: in Proceedings of the Institute of 
| Mechanical Engineers, January, 1904, Sixth Report of the 
| Alloys Research Committee. 

Discussion of hardening, annealing and chemical properties 
of steel. 
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The Introduction of High-Speed. Steels in Engineering 
Shops: in Engineering (London), March 4, 1904, Vol. 7 


High-Speed Tool Steel: Its Manufacture and Use: by ‘ 
Gledhill, in Technics, Part I, June, 1904; Part L, July, 
Some constituents and processes used in the manufact 


high-speed steel. 


Experiments with a Lathe-Tool Dynamometer: by Professor 
Nicolson, in Zrans. A. S. M. £., Vol. 25, 1904. 
Measures all forces acting on a lathe tool while cu 
Valuable for designers of lathes. Discussion of infl 

of cutting angles on power required to cut. | 


A Twist Drill Dynamometer: by Wm. W. Bird and Hows 
Fairfield, in Trans. A. S. M. F., Vol. 26, 1904. 
Measures both the twist and torque of drill while ¢ 

with high-speed drills. 


The Chemical Analysis of High-Speed Steels and Alloys 
Fred Ibbotson, in Zechnics, October, 1904. 


The Development and Use of High-Speed Tool Steel: by 
Gledhill, in American Machinist, December 22, 1904. | 
Interesting results of experiments made to find the e| 
various chemical constituents on the cutting powers. 

tool steel. 


Feeds and Sveeds for Lathe Work: by T. A. Sperry, in Anj 
Machinist, May 25, 1905. | 
Results of observations at the shops of the Cincinnati | 
Machine Company. 


High-Speed Steel in the Factory: by O. M. Becker and | 
Brown, in Lngineering Magazine, beginning Septembe 
Conclusions of a practical study of the use of high 

steel and its introduction into the factory. 


Kconomy of High-Speed Steel Tools: by F. D. Smith ang 
Greene. Thesis for a degree in Electrical Engineering) 
College of Engineering, University of Illinois, June, 1) 

Tests made at the Chicago and Eastern {llinoie 
Shops, Danville, Illinois, showing that the cost of | 
ing a pound of metal with low-speed steel is fron 
4.8 times as great as when using high-speed steel. 


| 
| 
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APPENDIX 


Instructions for Hardening the Steels Used furnished by 
the makers. 


) Directions for working Styrian Steel, marked Boéhler Rapid 


For Forging: 

Heat to a een red. Do not allow the heat to 
run as low as acherry-red while forging. After 
forging allow the tool to cool slowly before hard- 
ening. 


For Hardening: Lathe, Planer and Boring Tools. 

Heat to a white heat but not to a scaling or melt- 
ing point, just a good white heat. Cool in the 
air or a cold blast. 

Hoveuton AND RIcHARDS, 
American Agents. 


-) Directions for working Jessop’s ‘‘Ark’’ High-Speed Steel 


For Forging: 

Heat the steel to a canary color, retaining this 
heat until the tool is forged as nearly as possible 
to the shape required. The tool may be rough 
finished by grinding while yet hot on a dry emery 
wheel. It should then be laid petde in a dry 
place until black. 


For Hardening: 


Place the nose of the tool in a clear fire. Slowly 
heat the steel to a white or welding heat, not 
over one inch from the end. The nose of the 
tool should be made fusing hot. Then it should 
be placed under a strong, cold, dry air blast 
until cold. 

Wittiam Jessop AND Sons, Limited, 
New York, 


U oF | 
LIBRARY 
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(3) Directions for working McInnes’s ‘Extra?’ High-Speed 
Hard Steel i 


For Forging and Hardening: 
Forge the steel at the ordinary tool-steel for: 
heat; after the tool is forged to the des 
shape, reheat the cutting end to a light che 
red, and cool in an air blast. In order to b 
out the quality of this steel when the to 
forged to the above instructions, it should be 
at high speed in the lathe or planer until 
edge is worn off two or three times and regro 
After each grinding the tool gets better 
it gets to its limit. 
McInngs’s SteEL Company, Limirep, | 
Corry, Pennsylvania. 


(4) Directions for vorking Mushet ‘‘Special”? High-Speed § 
For Hardening: 

When forged, the cutting end of the tool shout 
reheated to a white heat, and then immedié 
blown cold. While hot ae steel must be 
from water. 


(5) Directions for working ‘‘Air Novo’? High-Speed Tool § 


For Forging: 

The steel must be heated thoroughly, so that, 
hot all the way through. The forging color | 
be a very light yellow. Do not hammer the) 
when it gets down to a dark red, but ré 
it. After the tools are forged lay them doy 
cool. | 


For Hardening: 
Heat the cutting edge only of the tool to a 
welding heat. Heat *+ until it begins to) 

Then put the tool into a compressed air bla 
dip immediately into thin lard, linseed ox 


oil until thoroughly cold. 


Hermann Boxer & Co., | 


New York 
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6) Directions for working ‘‘Rex’’? High-Speed Tool Steel 


For Forging: 

Use a clean fire and forge at a bright red heat, 
holding the steel at this heat as nearly as possi- 
ble while the forging is being done. Forging at 
too low a heat will cause the steel to burst in 
forging. When tool is forged lay it down ina 
dry place to cool. 


For Hardening: 
Use a clean fire or furnace and bring the point or 
cutting portion of the tool gradually to a sweat- 
ing white heat. This heat.is indicated by a 
flux, having the appearance of melted borax, 
forming on the nose of the tool. Confine the 
high heat as much as possible to the cutting 
portion of the tool. When the proper heat is 
reached, take from the fire and carefully re- 
move the oxide scale which instantly forms on 
the heated portion of the tool. This can be done 
with a coarse file, and will permit the cutting 
portion of the tool to cool off much more uni- 
formly and rapidly than if the oxide scale is 
allowed to remain. When extremely hard and 
tough metal is to be machined, blow cold in fan 
or dry compressed air blast. 
CRUCIBLE STEEL COMPANY OF AMERICA, 
Pittsburg, Pa. 
Alt 
|. The directions received from the American Radiator Com- 
my for hardening the two foreign steels, ‘‘A & W” and ‘‘Poldi’’s 
yplied to nipple dies. The same, however, were used in the 
sts for lathe tools, with the exception of being heated in a forge 
ve. They are as follows: 
iP) For Hardening “A & W” High-Speed Tool Steels, man- 
ufactured by Armstrong, Whitworth and Company, 
Limited, England: 
‘‘When tempering the steel for nipple dies, we 
; placed the dies in a retort, and heated them so 
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that the cutting end reached a white heat; 
the dies were placed in a strong air blast 
cooled to a cherry-red color, after which 

were dropped into a tempering oil. Tempe 
in this manner gives by far the best wee 
point to the steel’’. 


(8) Directions for Hardening **Poldi”’ High-Speed Tool Ste« 


‘‘This steel was treated in a slightly different 1 
ner from the ‘A & W’. ‘The dies were he 
to a white heat in a retort, and then cooled i 
air blast until they were absolutely cold.”’ 


